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(57) ABSTRACT 

A computer method, apparatus and Storage medium is pro 
Vided for creating quantitative aesthetic graphics from data. 
The invention utilizes a graph algebra to construct graphs 
and Visually or otherwise represents the graphs as a quan 
titative aesthetic graphic representation. To create the quan 
titative aesthetic graphics from data, the data is indexed to 
form a data Set. Thereafter, the data is converted into a 
variable data Structure composed of an index Set, a range and 
a function. The variable data Structure is converted into a 
variable Set by using at least one of a blend Step, a croSS Step 
and a nest Step. The variable Set is mapped into a Set of 
points and the Set of points is mapped into an aesthetic 
representation. 
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FACTOR EXPRESSION 

FIG. 7 

EXAMPLE 1: 

EXPRESSION (SIMPLE CROSSING OF TWO VARIABLES). (A * B) 

NO EXPANDING IS NECESSARY, SO THE TREE IS SIMPLE: 

OBJECT DIAGRAM: 

EXPRESSION 

/*\ 
FACTOR FACTOR 
(A) (B) 

HAND CODNG: 

EXPRESSION= NEW EXPRESSION (NEW FACTOR ("A"), 
ALGEBRA. CROSS, NEW FACTOR ("B")) 
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FIG. 8 

EXAMPLE 2: 

EXPRESSION: (A+B) *C 

THE EXPRESSION IS EXPANDED TO MONOMIALS: AC+ BC 

OBJECT DIAGRAM: 

EXPRESSION 

1N 
EXPRESSION EXPRESSION 

/XN /XN 
FACTOR FACTOR FACTOR FACTOR 
(A) (C) (B) (C) 

HAND CODING: 

FACTORA = NEW FACTOR ("A"); 

FACTOR B = NEW FACTOR ("B"); 

FACTOR C = NEW FACTOR ("C"); 

EXPRESSION EX1 = NEW EXPRESSION (A, ALGEBRACROSS, C); 

EXPRESSION EX2 = NEW EXPRESSION (B, ALGEBRACROSS, C); 

EXPRESSION MAINEXPRESSION = NEW EXPRESSION 
(EX1, ALGEBRA.BLEND, EX2); 
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FIG.9 

EXAMPLE 3 

EXPRESSION: (A * B)/C 
THE EXPRESSION IS EXPANDED TO MONOMIALS: AJC * BIC 

OBJECT DIAGRAM: 

ygen X 

EXPRESSION EXPRESSION 

// \ / 
FACTOR FACTOR FACTOR FACTOR 
(A) (C) (B) (C) 

HAND CODING: 

FACTORA = NEW FACTOR ("A"); 
FACTOR B = NEW FACTOR ("B"); 
FACTOR C = NEW FACTOR ("C"); 

EXPRESSION EX1 = NEW EXPRESSION (A, ALGEBRA.NEST,C); 
EXPRESSION EX2 = NEW EXPRESSION (B, ALGEBRA.NEST, C); 

EXPRESSION MAN EXPRESSION - NEW EXPRESSION 
(EX1, ALGEBRA. CROSS, EX2); 
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CONVERTING THE DATASET INTO A 
VARIABLE DATASTRUCTURE COMPRISING 
AN INDEX SET, A RANGE AND A FUNCTION 

CONVERTING THE WARIABLE DATASTRUCTURE 
INTO AWARIABLE SET BY USING AT LEAST ONE 

OFA BLEND STEP, A CROSS STEP AND A NEST STEP 

MAPPING THE WARIABLE SET INTO A SET OF POINTS 

MAPPING THE SET OF PoINTS INTO . 
AN AESTHETIC REPRESENTATION 

FIG. 18 
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THE AT LEAST ONE VARIABLE, THEAT LEAST ONE REPRESENTATION FOR 
PONTS, THE AT LEAST ONE COORDINATE SYSTEMAND THEAT LEAST ONE 

PROVIDING ALIST OF WARIABLES, 
A LIST OF REPRESENTATIONS FOR POINTS, 
A LIST OF COORONATE SYSTEMS AND 

A LIST OF AESTHETICREPRESENTATIONS 

SELECTING AT LEAST ONE WARIABLE 
FROM THE LIST OF WARIABLES 

SELECTING AT LEAST ONE 
REPRESENTATION FOR POINTS FROM 

THE LIST OF REPRESENTATIONS FOR POINTS 

SELECTING AT LEAST ONE 
COORONATE SYSTEM FROM 

THE LIST OF COORDINATE SYSTEMS 

SELECTING AT LEAST ONE 
AESTHETICREPRESENTATION FROM 

THE LIST OF AESTHETICREPRESENTATIONS 

MOWING THE ALEAST ONE 
VARABLE TO APREDETERMINED LOCATION 

OSPLAYING AWSIBLE GRAPHC REFLECNG 

AESTHETICREPRESENTATION 

FIG. 19 
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COMPUTER METHOD AND APPARATUS FOR 
CREATING WISIBLE GRAPHICS BY USINGA 

GRAPH ALGEBRA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation of U.S. patent application 
Ser. No. 10/114,755, filed Apr. 2, 2002, now U.S. Pat. 
No. , which is a continuation of U.S. patent applica 
tion Ser. No. 09/553,507, filed Apr. 20, 2000, now U.S. Pat. 
No. 6,492,989, issued Dec. 10, 2002, which claims the 
benefit under 35 U.S.C. S 119 (e) of U.S. Provisional 
Application No. 60/130,234, filed Apr. 21, 1999, the entire 
disclosures of each are hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 This invention relates generally to a computer 
method and apparatus for constructing graphs mathemati 
cally and aesthetically representing graphs as graphics, and 
more particularly to a computer method and apparatus for 
constructing graphs using a graph algebra and then Visually 
or otherwise representing the graphs as a quantitative aes 
thetic graphic representation. 

BACKGROUND OF THE INVENTION 

0003. Until recently, graphics were typically drawn by 
hand to represent mathematical, Statistical, and geometric 
relations. Computer graphics programs, particularly Scien 
tific and mathematical plotting packages, have made this 
task much easier but they have not altered its ad hoc aspect. 
Nor have Statistical and mathematical packages that generate 
more complex graphics contributed to our understanding of 
how they are created. 
0004. A need exists for a computer method and system to 
be able to construct graphics Systematically in order to 
handle more complex multivariate environments. This is 
also the case in connection with data mining computer 
Systems. Unfortunately, the Sophistication of data mining 
Systems far exceeds the computer graphical methods used in 
their displayS. Most data mining computer Systems still rely 
on pie, line, and bar charts of Slices of data cubes (multi-way 
aggregations of a Subset of a database). These charts fail to 
reveal the relationships among the entities they represent 
because they have no deep grammar for generating them. 
They are simply hard-wired to facets of the data cube. For 
example, if one drills through the cube to view a different 
Slice of the data, only a simple pie chart is obtained. A 
Similar hard-wiring exists in displayS from tree classifiers, 
neural networks, and other algorithms. 
0005. A need also exists for a method and apparatus for 
creating aesthetic graphics from data using graph algebra. 

SUMMARY OF THE INVENTION 

0006. In accordance with the present invention, a com 
puter method is provided for creating quantitative graphics 
using graph algebra. 
0007. In accordance with another aspect of the present 
invention, a data processing System is provided for con 
Structing graphs mathematically using a graph algebra and 
displaying the graphs aesthetically as graphics, which can be 
a Visual or other Sensory display of the underlying math 
ematical graph. 
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0008. In accordance with still another aspect of the 
present invention, a non-volatile Storage medium is provided 
containing computer Software encoded in a machine read 
able form for creating graphs mathematically using a graph 
algebra and for displaying the mathematical graph aestheti 
cally, Such as a visual representation. 
0009. In accordance with the invention, a method for 
creating quantitative graphics includes performing the fol 
lowing Steps on a computer: indexing data to form a data Set; 
converting the data Set into a variable data Structure, where 
the variable data Structure is an index Set, converting the 
variable data Structure into a variable Set by using at least 
one operation Selected from the group consisting of a blend 
operator, a croSS operator, and a nest operator; mapping the 
variable Set into a set of points, and mapping the Set of points 
into an aesthetic representation, which may be a visual 
graphic. 
0010. In accordance with another aspect of the present 
invention, a method is provided for creating quantitative 
graphics that includes the Steps of: providing a list of 
variables, providing a list of representations for points; 
providing a list of coordinate Systems, providing a list of 
aesthetic representations, Selecting at least one variable from 
a list of variables, Selecting at least one representation for 
points from the list of representations for points, Selecting at 
least one coordinate System from the list of coordinate 
Systems, Selecting at least one aesthetic representation from 
the list of aesthetic representations, moving the at least one 
variable to a predetermined location; and displaying a vis 
ible graphic reflecting the at least one variable, the at least 
one representation for points, the at least one coordinate 
System and the at least one aesthetic representation. 
0011. In accordance with another aspect of the invention, 
the data processing System for constructing graphs math 
ematically and aesthetically representing the graphs as 
graphics includes: a computer processor, and a memory 
responsively coupled to the computer processor containing 
a set of computer instructions for: (a) indexing data to form 
a data set; (b) converting the data set into a variable data 
Structure, where the variable data Structure has an index Set, 
a range and a function; (c) converting the variable data 
Structure into a variable Set by using at least one operator 
Selected from the group consisting of a blend operator, a 
cross operator, and a nest operator; (d) mapping the variable 
Set into a set of mathematical points; and (e) mapping the set 
of mathematical points into an aesthetic representation. 
0012. In accordance with still another aspect of the 
present invention, a non-volatile Storage medium containing 
computer Software encoded in a machine readable format for 
creating quantitative graphics is provided. The non-volatile 
Storage medium includes: a set of computer instructions for 
indexing data to form a data Set, a Set of computer instruc 
tions for converting the data Set into a variable data Struc 
ture, where the variable data structure has an index Set, a 
range and a function; a Set of computer instructions for 
converting the variable data Structure into a variable Set by 
using at least one operator Selected from the group consist 
ing of a blend operator, a croSS operator, and a nest operator; 
a set of computer instructions for mapping the variable Set 
into a Set of points, and a Set of computer instructions for 
mapping the Set of points into an aesthetic representation. 
0013 The methods, systems and devices in accordance 
with the invention allow data to be manipulated in many 
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different ways and also represented by graphics in many 
different ways. Thus, the creation of graphics in accordance 
with the present invention is not limited by the constraints of 
graphical representations that are mere aggregations of a 
Subset of a database. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014. The present invention can be more readily under 
stood by reference to the accompanying drawings in which: 
0.015 FIG. 1 is a flowchart illustrating schematically the 
method of forming graphics from data in accordance with 
the present invention; 
0016 FIG. 2 is an object diagram showing the primary 
Software components of the data processing System and their 
relation to one another; 
0017 FIG. 3 is an object diagram of the Data View 
package of the present invention; 
0.018 FIG. 4 is an object diagram of the Server aspect of 
the present invention; 
0019 FIG. 5 shows an object diagram of the Frame 
Model of the present invention; 
0020 FIG. 6 is a diagram of the Algebra Package of the 
present System; 

0021 FIG. 7 is an object diagram of a simple algebraic 
expression; 
0022 FIG. 8 is an object diagram of an algebraic expres 
Sion; 
0023 FIG. 9 is an object diagram of an algebraic expres 
Sion; 
0024 FIG. 10 is an object diagram of the Dimension 
aspect of the present invention; 
0.025 FIG. 11 is an object diagram showing the Frame 
aspect of the present invention; 
0.026 FIG. 12 is an object diagram of the Displayer of 
the present invention; 
0.027 FIG. 13 is an object diagram depicting the soft 
ware interactions which occur when the user Selects an item; 

0028 FIG. 14 is an object diagram showing the Control 
ler interface and the controllers which operate through the 
Controller interface; 

0029 FIG. 15 is an object diagram of the builder con 
trollers; 

0030 FIG. 16 is an object diagram of the Elements 
package of the present invention; 
0.031 FIG. 17 is an object diagram showing the interre 
lationship among the Data View Package, the Frame Model, 
the Controller, and the Graph Frame; 
0.032 FIG. 18 is a flowchart illustrating schematically an 
alternate method of forming graphics from data in accor 
dance with the present invention; and 
0033 FIG. 19 is a flowchart illustrating schematically an 
alternate method of forming graphics from data in accor 
dance with the present invention. 
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0034 All object diagrams depicted use standard UML 
notation to characterize the classes, interfaces, components, 
and relationships. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035. As used throughout the specification, the following 
terms have the following meanings. 
0036) “Abstract” classes are general methods for defining 
APIs (Application Program Interfaces) and implementing 
those functions. 

0037 “Controllers' are software components that control 
interactivity in a graph. An example of a Controller is 
Property Change Listeners that listen to Graph Frames. 
Upon hearing a Property Change Event, the Controller may 
simply set itself to the Graph Frame 134, or it may update 
its appearance based on information contained in the Graph 
Frame 134. 

0038 “Data” means recorded observations of quantities, 
qualities or relations. Data have no necessary organization or 
Structure but are a collection of information and are Some 
times referred to as raw data or Source data. Data also 
include, for example, meta-data, associated data, and anno 
tation data. 

0039 Raw or source data may reside in computer 
memory in a free text file, for example. 

0040. Each piece of meta-data has a String description 
and can have a type to identify what type it is. 

0041 Associated data are the data that are associated 
with the actual data and are used for user inquiries and 
drill-down (investigating Subsets of data). 

0042 Annotation data are data connected to the actual 
data that allow Some kind of annotation to appear in the 
graph. 

0043 “Data view' is a function that indexes raw data to 
produce a data Set. Different indexing or organizing Schemes 
can be used as desired, Such as, for example, hierarchical, 
relational or topological. 
0044) “Frame Model State” is a class for efficiently 
passing the state of a Frame Model over the wire. In 
DataView.addFrame ModelState (Frame Model State), Data 
View implementations can instantiate a new Frame Model 
by using the constructor that takes a Frame Model State. 
0045. A “Generic Function' uses reflection to create a 
Function object from a fully qualified method name of a 
function, the target variable(s) in a Data View, and an 
optional Hashtable containing additional parameters for the 
function. The results of the function persist. 
0046) 
0047 A “Listener” is a sub-module of the computer 
program that Senses for a command and informs the module 
(that the Sub-module is part of) that the message has been 
Sent So that an action can be performed. 
004.8 “Renderers' are wrappers for the system toolbox/ 
toolkit drawing objects and/or a graphics class library. 
Renderers are responsible for creating, drawing, hit-testing, 
and maintaining GPL (Graphics Production Library) Primi 

“Instantiate’ means to provide an instance of. 
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tives 180. Hit testing is done via Pointer Events 184 which 
are extensions of Mouse Events 186. Thus, Renderers can 
add and remove Mouse Listeners and Mouse Motion Lis 
teners. Renderers also provide layers for drawing (i.e., an 
object in layer 2 should be “on top of an object in layer 1). 
Renderers operate in one of two “window stretch type” 
modes (RESIZE and NORESIZE—as below) that affect the 
Size of the primitives relative to the enclosing window. 
Finally, Renderers broadcast Property Change Events when 
the number of layers (“Number Of Layers”), or the window 
stretch type (“Window Stretch Type’) changes. Renderers 
map a MIN to MAX coordinate system on top of the actual 
drawing area. Coordinate values increase from left to right 
and from bottom to top. 
0049) “Variable” means a variable set of the form V=var 
set X). A “varset' or “variable data structure” is a set 
defined by: 

Varset X1, ..., Xn = {1, X1, ..., Xn, f, where 
X, ..., X represents in sets, 
l is an index set {1, 2, ..., m, 
m ranges over all the natural numbers N, 

f: il - X x Xx ...X., and f ranges over all 
such possible functions. 

V may be a categorical variable (i.e., X is a finite set); or V 
may be a continuous variable (i.e., X is a set of real 
numbers). 
0050. The following is a description of a software system 
in accordance with the present invention. The Software may 
be stored on any medium, typically optical or magnetic, that 
is capable of retaining the Software code and readable by or 
executed on a general purpose computer System. The Soft 
ware System may also be run over a network, using a typical 
client-Server arrangement. 
0051. The following is a list of software components 
common to one or more of the following diagrams and the 
respective figures on which they are located: 

Component FIGS. 

Axis 114 0, 11 
Controller interface 40 2, 14, 15 
Coordinate Specification 50 2, 5 
Data Pass Listener interface 62 3, 4 
Data View interface 14 -4 
Element 46 2, 11, 16 
Frame Layout Interface 42 2, 11 
Glyph interface 32 , 10, 11, 13 
Graph 10 , 2, 11 
Graph dimension 100 5, 10 
Item Frame Interface 18 , 3, 5 
Legend 112 0, 11 
Legend Hit Event 130 0, 13 
Mouse Ewent 186 2, 13 
Pointer Event 184 2, 13 
Primitive interface 34 12, 13 
Scaling Specification 48 2, 5 
Transformation 36 , 11, 12 
Variable Transformation Specification 52 2, 5 

0.052 Referring to the figures generally, and in particular 
to FIG. 2, there is illustrated an object diagram depicting the 
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primary elements of Software in accordance with the inven 
tion for producing a graphical representation of data. The 
four major components of the System are Graph 10, Data 
View interface 14, Controller interface 40, and Frame Lay 
out interface 42. 

0053 Graph 10 may be completed by setting an algebraic 
model expression or String 44 and manipulating any number 
of properties including Elements 46, Scaling Specifications 
48, Coordinate Specifications 50 and Variable Transforma 
tion Specifications 52. After Data View interface 14 of the 
present System acquires and manipulates data, it notifies the 
other Software components of changes in the data. Control 
ler interface 40 is responsible for all interactions with Graph 
10, including building the graph. Frame Layout interface 42 
controls the look and feel of Graph 10. 

0054 Shown in FIGS. 1 and 18 are block diagrams 
illustrating Schematically the method and System, in accor 
dance with the invention, for producing a graphical repre 
sentation of data. FIG. 1 depicts the overall sequence of 
operations that the computer Software undertakes to visually 
represent information in graphical form as Graph 10. The 
components of Graph 10 are Data 12, which are recorded 
observations of quantities, qualities or relations. Prior to 
representation in graphical form, Data 12 have no necessary 
organization or Structure. 

0055 As shown in FIG. 1, Data View 14 is a function 
that produces a Data Set 16 from Data 12. Different Data 
Views 14 utilize different schemes to organize Data 12. The 
Data View object implements Data View 14 by establishing 
an indexing Scheme and associating Data 12 with the indices 
to produce Data Set 16, an indexed set of Data 12. Each 
element in Data Set 16 is referred to as an “entry” or a 
“value.’ DataSet 16 is indexed by some scheme that enables 
the user to find Data 12 in Data Set 16 and associate the 
Separate elements with each other. 

0056. Item Frame 18 is an interface that specifies a 
collection of functions on index Sets. These functions are 
transformations on index Sets; they produce indeX Sets. 
Some functions in Item Frame 18 may permute indices; for 
example, a tree structure (see FIGS. 8 and 9, for example) 
can be converted to a sequential list of indices. Other Item 
Frame 18 functions may subset a Data Set 16 by converting 
Some indices to null values (i.e., deleting them). Functions 
of Item Frame 18 are used to organize and filter out Data 12 
needed for creating variables. 

0057. After Data 12 has been indexed into Data Sets 16, 
a Variable Map 20 function maps a DataSet 16 to a Variable 
Data Structure-also termed “Varset.” A Variable Data 
Structure is a set defined as follows: 

Varset X1, ..., Xn = {Ilm. X1, ..., Xn, f, where 
X1, ..., X represents in sets, 
l is an index set {1, 2, ..., m, 
m ranges over all the natural numbers N, 

f: il - X x Xx ...X., and f ranges over all 
such possible functions. 
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Variable Data Structure is also a variable set of the form 
V=varset X, where the variable set has not been subjected 
to algebra. Variables are categorical or continuous, based 
Solely on how the variables are defined. V is a categorical 
variable when X is a finite set; V is a continuous variable 
when X is a set of real numbers. 

0.058. The mapping occurs from a key index set to sets of 
values in the DataSet 16. Variable Map 20 must monitor the 
range of each variable so that errors in Data Set 16 may be 
trapped. For example, if a value in Data Set 16 is out of 
range, Variable Map 20 must either be able to assign the 
value appropriately or advise that the value on the variable 
cannot be processed. Variable Map 20 must also continue to 
correctly return values in range for all possible values in a 
domain while Data Set 16 changes over time. 

0059. After Data Set 16 is mapped by Variable Map 20 
into Variable Data Structure, the Algebra object implements 
an Algebra 24 on the Variable Data Structure. The output of 
Algebra 24 is a Variable Set 22 as shown in FIGS. 1 and 18. 
An "algebra’ is a collection of Sets, operators on Sets, and 
rules for the combination of the operators. An operator is a 
function defined on the Set that returns a value in that Set. 

0060 Algebra 24 has three binary operators-blend (+) 
26, nest (/) 28, and cross (*) 30-and a set of associated 
rules. The hierarchical order of the operators is blend (+) 26, 
cross (*)30, and nest (/) 28. Blend 26 is evaluated last, while 
nest 28 is evaluated first. The order of the operators may be 
changed through the use of parentheses. The rules for the 
operator include associativity, distributivity, and commuta 
tivity. Only blend 26 is commutative. Blend operator 26 
involves a union in the range. The cross operator 30 involves 
a Cartesian product in the range. The nest operator 28 
Stratifies values. 

0061 The software component that contains all the alge 
braic Specifications for mapping data Sets to variable Sets is 
the Frame Model 94, which is illustrated in FIG. 5. Frame 
Model 94 also contains the structure of dimensions that 
become a Graph Frame 134 (from FIG. 11) and Data 12 
(from FIG. 1) for Elements 46. 
0062) The algebraic specifications include Variable 
Transformation Specifications 52, Scaling Specification 48, 
Coordinate Specifications 50, Element Specification 96, and 
a Tree 98. The actual frame structure is created by inter 
preting all of these specifications into a Tree object 98, as 
well as the element Graph Dimensions 100, and the Item 
Frame interface 18 that re the Data 12 for Graph 10. 

0063) Tree 98 comprises Graph Dimensions 100 (from 
FIG. 10) organized in a form that is “ready” for a view to 
construct a graph. Tree 98 can be made up of any number of 
Sub-Trees, where each "level” of a tree represents a crossing 
dimension and the rows represent nesting dimensions. 
Blends 26 are done by blending two Trees 98 with identical 
Structures (expanding the algebra guarantees Aesthetics this 
is the case). Blending 26 two trees creates new levels in a 
tree. Nesting 28 two trees creates “rows' in a tree. The 
following are examples of algebraic Statements and their 
Tree equivalents: 

0.064 

0065 

0.066) 

0067 
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EXAMPLE 1. 

Algebraic expression: a *b* c *d * e * f 
Tree Equivalent: 

e 
Id 

c 
b 

al 

EXAMPLE 2 

Algebraic expression: a*b + ac 
Tree equivalent: 

c + b = c + b 
a a a + a 

EXAMPLE 3 

Algebraic string: a * bfc * 1 * c 
Tree equivalent: 

al 

1. 

bfc = 1 
al 

bfc = 2 
al 

EXAMPLE 4 

Algebraic expression: y : 1 * (ab)/c * 1 
Tree equivalent: 

1. 
Ic 

bfc = 1 
afc = 1 

1. 

afc = 2 
1. 
y 
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0068 FIG. 6 depicts the Algebra Package as a tertiary 
tree model. The Algebra Package is a simple object model 
for algebraic expressions, comprising three classes: Algebra 
24, Factor 106, and Expression 108. In the model shown, 
Algebra 24 is the abstract superclass, and Factor 106 and 
Expression 108 are subclasses of the Superclass. Algebra 24 
converts String 44 (shown in FIG. 2) to Tree 98 (from FIG. 
5). Factor 106 is a basic unit of Algebra 24. Factors 106 
correspond directly to the string names of Variable Set 22 
(from FIG. 1). For example, “a” and “b” are factors in the 
Expression “a+b'. 
0069 Expressions 108, which are also represented by 
tertiary trees, consist of a left Side, a right Side, and an 
operator. The sides are instances of Algebra 24 (i.e., either 
Expressions 108 or Factors 106). The operator is one of 
blend (+) 26, nest (/) 28, and cross (*) 30. 
0070 String 44 expressions are expanded into monomi 
als and then parsed to create an Expression object. Expan 
sion is carried out by a static method in Expression 108 that 
examines the original String 44 and expands it out to 
monomials in a new String taking into account the rules for 
asSociativity, distributivity, and commutativity. The opera 
tors for expanding the Expression are blend (+) 26, nest (/) 
28, and cross (*) 30. Another static method then takes the 
expanded String and parses it to create an actual Expression 
object. Any algebraic Expression object could also, conceiv 
ably, be created by hand. 
0071. The examples shown below illustrate how to “hand 
code” an algebra Expression: 

EXAMPLE 1. 

0072 Expression: (simple crossing of two variables): 
(a-b) 

0.073. This Expression mav be hand coded as follows: p y 

0074) Expression= 
0075 new Expression (new Factor(“a”), Alge 
bra.CROSS, new Factor(“b”)) 

0.076 The object diagram for this example is shown in 
FIG. 7. 

EXAMPLE 2 

0077 Expression: (a+b)*c 
0078. The expression is expanded to monomials: a*c+ 
bic 

0079 The expression may be hand coded as follows: 
0080) Factor a-new Factor(“a”); 
0081 Factor b=new Factor(“b”); 
0082) Factor c=new Factor(“c”); 
0083 Expression ex1=new Expression(a, Alge 
bra.CROSS, c); 

0084 Expression ex2=new Expression(b, Alge 
bra.CROSS, c); 

0085 Expression mainexpression= 
0086) new Expression (ex1, Algebra. BLEND, ex2) 

0087. The object diagram is shown in FIG. 8. 
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EXAMPLE 3 

0088 Expression: (ab)/c 

0089. The expression is expanded to monomials: a/cb/c 

0090 The expression may be hand coded as follows: 

0091 Factor a-new Factor(“a”); 

0092) Factor b=new Factor(“b”); 

0093) Factor c=new Factor(“c”); 
0094) Expression ex1=new Expression(a, Algebra.N- 
EST, c); 

0.095 Expression ex2=new Expression(b, Algebra.N- 
EST, c); 

0096 Expression mainexpression= 

0097 new Expression (ex1, Algebra. CROSS, ex2) 
0098. The object diagram is shown in FIG. 9. 
0099 Algebra Exceptions 110 are also provided for cer 
tain functionalities that cannot be processed in the normal 
Algebra class 24. 

0100 FIG. 3 shows an object diagram of the entire Data 
View Package of the present system. The Data View Pack 
age contains the classes that allow the program to access and 
manipulate data. Data View interface 14 provides Data 12 in 
the form of the geometry needed to create a graph. Data 
View interface 14 also acts as the "lens' for the Software in 
that it is what the rest of the system “sees” when it requests 
Data 12. Abstract Data View class 54 implements functions 
of Data View interface 14. The geometry for each element 
of each panel (facet) of a graph is stored in the Item Frame 
interface 18, which is basically a table. 

0101 The Data View package also provides a way to 
include ASSociated Data interface 56 (graph meta-data). 
ASSociated Data interface 56 has a Support class, ASSociated 
Data Support 58, which supports the routines required by the 
Software to access other data and link that data to the 
primary Data 12. 

0102) The Data View Package also contains Data Pass 
Event 60 and the corresponding Data Pass Listener interface 
62 which notifies clients when a data pass is about to happen 
and when the data pass is finished. Data View 14 fires a Data 
Pass Event 60 anytime there are changes to Data View 14; 
e.g., when new data are added to a Data View. 

0103) A complete data pass happens as follows: 

0104. A client makes a call on DataView.beginData 
Pass(). 

0105 The Data View interface 14 clears all previous 
Specifications (including Scaling Specification 48 
(from FIG. 2), Element Specification 96 (from FIG. 5), 
Variable Transformation Specification 52 (from FIG. 
2), Coordinate Specification 50 (from FIG. 2) and 
Frame Model State. 

0106 Data View interface 14 notifies listeners via 
aboutToDataPass(). 



US 2006/0033738A1 

0107 Listeners add any specifications required for the 
data pass. 

0108) For example, Frame Model 94 (shown in 
FIG. 5) which is also a Data Pass Listener inter 
face 62-adds a copy of the Specs (in the form of a 
Frame Model State object). 

0109) The data pass happens. 

0110. When the data pass is complete, Data View 
interface 14 notifies listeners via finished DataPass( ). 

0111. The listeners can get their data if needed via 
DataView.getResults(). 

0112 The most critical function performed by Data View 
interface 14 is processing the Specifications contained in a 
Frame Model. These Specifications are the data manipula 
tions that must be performed to draw the Elements 46 (from 
FIG. 2) in a graph. These specifications are the “graph 
grammar'; they include Algebraic Expression, Scaling 
Specification 48 (from FIG. 2), Element Specification 96 
(from FIG. 5), Variable Transformation Specification 52 
(from FIG. 2), and Coordinate Specification 50 (from FIG. 
2), discussed above. Data View interface 14 takes the 
Specifications and creates the geometry for the elements in 
a Frame Model (from FIG. 12). Other requirements are 
brushing Support and case-level access. Exceptions are pro 
vided for concrete Data View interface 14 that cannot 
Support certain functionality. 
0113 A Support class, Data View Support 64, is provided 
along with an implementation of Data View interface 14 
using JDBC (Java DataBase Connectivity) Data View 66 
which gathers source data from JDBC Source Specification 
68. JDBC Data View 66 provides a link to a database such 
that the program can use data from that database. Data View 
Support 64 is an implementation of Data View interface 14 
that uses Data Management System (DMS) Item Frame 70. 
DMS Item Frame 70 acts as a pointer which points to a 
Single item in a data management System. JDBC Data View 
66 includes a JDBC Data View Customizer (not shown) for 
Setting up the data Source(s) for Data 12, meta-data, and 
Synthetic variables. 
0114. The JDBC (Java DataBase Connectivity) Data 
View Customizer is a UI (user interface) for customizing 
JDBC Data View 66. It provides the ability to customize all 
the database requests in a JDBC Data View 66, as well as the 
ability to add synthetic variables via functions. The follow 
ing describes the UI Screens: 

0115 Main Data (2 screens)- The first screen asks for 
the JDBC Driver, the database URL, a user name, a 
password, and an SQL (Sequential Query Language) 
Statement. The Second Screen prompts the user (a) to 
identify each variable in the resultSet as categorical and 
(b) to choose a type for each variable (Number, Text). 

0116 Table Meta (2 screens) The first screen asks for 
the JDBC Driver, the database URL (Universal 
Resource Locator), a user name, a password, and an 
SQL Statement. The Second Screen prompts the user to 
choose (a) a column in the result set that contains the 
descriptions of meta-data, (b) a column that contains 
the MIME types for the meta-data, and (c) a column 
that contains the actual meta-data. 
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0117 Variable Meta (2 screens) The first screen asks 
for the JDBC Driver, the database URL, a user name, 
a password, and an SQL Statement. The Second Screen 
prompts the user to identify (a) the column in the result 
Set that matches the variable names, (b) the columns to 
use for meta-data, and (c) the MIME types for each. 

0118 Value Meta (2 screens)- The first screen asks for 
the JDBC Driver, the database URL, a user name, a 
password, an SQL Statement. The Second Screen 
prompts the user to identify (a) the column in the result 
Set that matches the category names, (b) the columns to 
use for meta-data, and (c) the MIME types for each. 

0119) Item Meta (2 screens). The first screen asks for 
the JDBC Driver, the database URL, a user name, a 
password, an SQL Statement, and the variable to add 
value meta-data to. The Second Screen prompts the user 
to identify which columns to use for meta-data and the 
MIME types for each. 

0120) Functions (1 screen) The screen prompts for a 
new (synthetic) variable based on a function, and one 
or more of the existing variables. Double clicking on 
the synthetic variable box allows the user to edit the 
synthetic variable. “Add” adds a new synthetic vari 
able, and “Remove” removes the synthetic variable. 

0121 Also provided in the Data View package is an 
Associated Data interface 56 (meta-data) model for linking 
information to arbitrary objects. ASSociated Data interface 
56 can be attached to an individual Item of Data 12, groups 
of Data Items, Variable Sets 22, categories within a Variable 
Set 22, or entire tables. Abstract class Item Support 74 is a 
general method for defining an API and implementing a 
function of Item interface 72. Item Support 74 may use any 
of a Text Item 76, a Date Item 78, or a Number Item 80. 
Abstract Item Frame 82 implements functions of Item Frame 
interface 18. Abstract Item Frame 82 has a support class 
Item Frame Support 84. 
0.122 The basic drawing interface, Primitive Graph inter 
face 34 (from FIG. 1), implements Associated Data inter 
face 56 So that meta-data can be encoded into any object that 
is drawn on the Screen. ASSociated Data 56 may consist of 
any valid Java object. Each piece of associated data includes 
a String 44 description of the associated data, the data itself 
as a Java object, and an optional MIME type for that data. 
The MIME type can be used by clients to determine an 
appropriate “player” for the meta-data. 
0123 Functions are implemented using static final 
classes. The methods in this class operate on Primitive 180 
(from FIG. 12). The Generic Function class (not shown) is 
a Function object that uses Java reflection on the Static 
methods. Based on a String function name, a Generic 
Function object looks up the correct method and becomes a 
Function compliant object. Thus we get the effect of poten 
tially many kinds of Function objects using relatively few 
classes. Also, to include more functions, we need only add 
additional primitive operations to the Static final classes. 
0.124. After Variable Set 22 has been attained, the next 
step of the inventive method is to map a set from Variable 
Set 22 into a set of points. This is accomplished by a Glyph 
32-an interface that uses a particular graphing function to 
produce a Primitive Graph 34 from a set in Variable Set 22. 
Glyph 32 also executes other housekeeping tasks; for 
example, relating the Sets in Variable Set 22 to the dimen 
Sions of a geometric space in which the graph will be 
imbedded. 



US 2006/0033738A1 

0.125 The resulting Primitive Graph 34 is a subset of 
crossing Sets. The graph object is a collection comprising 
Primitive Graph 34 and the methods needed for representing 
the Primitive Graph 34 as a geometric object. 

0126. After the Primitive Graph 34 is obtained, the next 
Step of the inventive method comprises transforming Primi 
tive Graph 34 and representing it in the form of a coordinate 
system. This is done via Transformation 36. Transformation 
36 is a System or Scheme for locating a point in a Space given 
its coordinates. This Scheme includes an Axis 114 for each 
dimension, a scale (see FIG. 10) for each Axis 114, and a 
method for locating any point in the Space. The best known 
coordinate System is the Cartesian coordinate System. The 
default coordinate system is Coordinate System 2D 140, a 
Graph Frame for two-dimensional graphs. The Transforma 
tion object transforms Primitive Graph 34 and represents it 
in rectangular, polar, or other coordinate Systems, including, 
for example, conformal mappings and geographic projec 
tions. However, Transformations 36 are limited to transfor 
mations that maintain the functional relationship between 
the domain and the range of a particular Primitive Graph 34. 

0127 Coordinate Specification 50 is used to denote face 
ting when there is ambiguity in the number of dimensions. 
Each Coordinate Specification makes a particular facet 
explicit. For example, a graph with Six dimensions 
a*b*c def could be a two-dimensional graph faceted in 
two Space twice or a three-dimensional graph faceted in 
three space. Using a Coordinate Specification 50 makes it 
clear how the graph is faceted. 
0128. A final step in the construction of the graph 
involves aesthetically representing the Set of points into 
graphics. This step comprises mapping the Set of points into 
an aesthetic representation by applying Aesthetic 38. AeS 
thetic 38 is a function that maps points or entries of points 
to Strings or real numbers that Serve as input to a physical 
display device. Aesthetic 38 is also an object that imple 
ments aesthetic functions in the construction of a Graph 10. 
0129 Graph 10 is a composite image of Primitive Graph 
34 prepared under one or more Aesthetic functions 38. The 
graphic object is responsible for realizing the Graph 10 in a 
display System. 

0130 FIG. 10 presents an overview of the dimensional 
aspects of the present invention. In general, Graph Dimen 
sion 100 is a re-expression of Data 12 where the data values 
have been mapped to a numeric scale. String 44 (from FIG. 
2) contains the instructions for carrying out the re-expres 
sion of Data 12. Graph Dimension 100 parses an Expression 
tree to determine how to combine the data in the form of 
Variable Sets 22 (from FIG. 1). Graph Dimension 100 then 
maps the items of one or more Variable Sets 22 onto a Scale 
that is one dimension in a Graph Frame 134 (shown in FIG. 
11). A Guide 116, contained in Graph Dimension 100, is 
used to map the results to a numeric Scale. 
0131. In the case of categorical variables, the numeric 
Scale is an integer from Zero to a value defined by (number 
of categories -1); in the case of continuous variables, the 
numeric scale goes from min(data) to max(data). Graph 
Dimension 100 maps attributes that can be any of those 
defined by the “type' of Graph Dimension 100, such as 
position (e.g., size, shape), color (e.g., hue, brightness or 
Saturation), motion, rotation, blur, transparency, or texture 
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(e.g., pattern, orientation, or granularity), for example. Alter 
natively, the attribute may be non-visual, Such as Sound, for 
example. Graph Dimension 100 is considered to be a 
“model,” and Legend 112 and Axis 114 are “views” of the 
model. 

0132 Graph Dimension 100 will preserve the Associated 
Data interface 56 (from FIG. 3) (meta-data) from all of the 
Variable Sets 22 that it contains. Variable level meta-data are 
combined and can be retrieved via getASSociatedData( ). 
Categorical level meta-data are preserved and combined 
within categories and can be retrieved via getASSociated 
DataFor(). 
0133) As shown in FIG. 10, Guide 116 contains a Scale 
Builder object 118, which builds the numeric scale for the 
dimension. The numeric scale can be any Scale Builder 118 
object, and the attributes are an array of Java objects. If there 
are fewer attributes than Scale values, Guides 116 will 
recycle through the attribute list. The Guide 116 abstract 
class treats Categorical Guide 120 and Continuous Guide 
122 in the same manner. Categorical Guide 120 maps 
attributes and categories to a numeric Scale that runs from 
Zero to the value n-1, where n represents the number of 
categories. Continuous Guide 122 maps attributes to a 
continuous numeric Scale. 

0.134 Scale Builder 118 takes the minimum and maxi 
mum values for a group of numbers and creates a Scale. The 
client can request to use any of the following: 

0135) 
0.136) 
0137) 
0138) 

0.139. Note that setting the number of ticks can 
override delta, and Vice-versa. 

a specific minimum, 
a specific maximum, 
a specific number of ticks, and/or 
a specific spacing between ticks (delta). 

0140 Guide 116 is responsible for mapping the values on 
the numeric Scale to the appropriate attributes. Both Guide 
116 and Scale Builder 118 are abstractions. Concrete Guides 
116 are either Categorical Guide 120 or Continuous Guide 
122 depending on the data, and concrete Scale Builders 118 
are Linear Scale 124, Log Scale 126, or Time Scale 128. 
0141 Axis 114 and Legend 112 use the model to draw 
pictures. Graph Frame 134 (from FIG. 11) also uses this 
model. 

0.142 Axis 114 is a legend for positional Graph Dimen 
Sions. Axes should be assigned only one Graph Dimension, 
and it should be of type POSITIONAL. Axes do not use GPL 
Symbol for the tick marks; rather, they use instances of GPL 
Line (So Transformations work correctly). Axis also allows 
for minor ticks and a rule. The minor ticks are determined 
using a Scale Builder to build a Scale between the major 
ticks. Both the rule and the ticks (and minor ticks) have their 
own instance of Aesthetics. 

0.143 Legend 112 is a picture of one or more Graph 
Dimensions 100. Legend 112 takes the information from 
Graph Dimension 100 and creates a picture using Primitive 
Graph interface 34 objects in a Renderer interface 152 (from 
FIG. 12). Legends are made up of Segments that correspond 
to the values that are on the legends (these are categories in 
a categorical case). Each segment has four pieces: the major 
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tick, the tick label, the minor ticks, and the rule. In an 
alternative embodiment, Legends can have a label on the 
north, South, east, or west Side and may be oriented verti 
cally or horizontally. The individual legend elements com 
prise text associated with a symbol. The Strings are consid 
ered to be "tick labels,” and the symbols are considered to 
be “ticks”. The default symbol is a Symbol 170, but it can 
be set to any Symbol type-e.g., Polygon 154, Rectangle 
164, Circle 172; this, however, may be overridden if Graph 
Dimension 100 is of type SHAPE. Symbols are simple 
shapes that have a location and size. The constants defined 
in this interface describe what the symbol should look like. 
014.4 Legend 112 works by looking up the corresponding 
attribute for a given Scale value obtained from a Graph 
Dimension 100 and using the attribute to modify Aesthetics 
38 of the tick (i.e., the symbol). The Aesthetics class 38 
holds all aesthetic attributes for drawing a primitive graph. 
The attributes may be visual or non-visual, Such as Sound, 
for example. Renderer interface 152 (from FIG. 12) applies 
Aesthetics 38 when the primitive graph is drawn. 
0145 The tick label is also obtained by looking up the 
scale value on the Graph Dimension 100. Many options 
control the appearance of Legend 112 and layout; these are 
set via the Graph Frame's Frame Layout object 42, shown 
in FIG. 11. Legends 112 register themselves with a Renderer 
interface 152 to receive Pointer Event 184 (shown in FIG. 
12). Upon receiving a Pointer Event 184, Legend 112 will 
determine what part of the Legend 112 was hit and will then 
fire a Legend Hit Event 130 to Legend Hit Listener interface 
132 (shown in FIG. 10). Legend 112 will notify the Legend 
Hit Listener 132 via one of four methods depending on what 
part was hit: a tick, a tick label, the legend label, or any other 
part of the legend 112. Legend Hit Event 130 inherits from 
Pointer Event 184, which inherits from Mouse Event 186, so 
all of the information associated with the hit is preserved. 
0146 Legend Hit Event 130 contains information con 
cerning both the location of the hit and the values on Legend 
112 that correspond to the hit if such values exist (i.e., if a 
tick or tick label was hit). The size of the “values” array will 
be equal to the number of Graph Dimensions 100 on Legend 
112. 

0147 The only difference between Legend 112 and Axis 
114 is how the two are drawn. As Legend 112 and Axis 114 
each have their own Scale Builder 118, Axis 114 inherits 
from Legend 112. Scale Builder 118 creates an independent 
scale for the Axis 114 so that it can be adjusted without 
changing the model. Axis 114 also adds minor ticks, a rule, 
and redefines the major ticks as Lines 156 rather than 
Symbols 170. The minor ticks are created using a Scale 
Builder object 118 that builds a scale between two major 
ticks in a section of the Axis 114 and draws a minor tick for 
each value on the Scale. Thus, the placement of minor tickS 
depends on the particular Scale used to create the ticks-e.g., 
Linear scale 124, Log scale 126, or Time Scale 128. As with 
Legend 112, Axis 114 can translate between data coordinates 
and renderer coordinates. 

0148 FIG. 11 is an object diagram of the frame and 
layout aspect of the present invention. The design for frames 
is separated into a model and a view. 

014.9 The model, Frame Model 94 (shown in FIG. 5), 
is a Software component that provides the Structure of 
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Graph 10 and contains Graph Dimensions 100 (from 
FIG. 10), dimensions for Elements 46, and Data 12 for 
Elements 46. 

0150. The view, Graph Frame 134, is a component that 
provides a picture of the model by building graphs from 
the Tree 98 of dimensions held in Frame Model 94. 

0151 Frame Model 94 and Graph Frame 134 communi 
cate via Frame Model Change Events 102 (shown in FIG. 
5). Frame Model 94 also broadcasts Frame Model Change 
Events 102 to Frame Model Change Listener interface 104. 
0152 Frame Layout interface 42 (from FIG. 2) provides 
detailed control over the look and feel of a graph. Basic 
Layout abstract class 142 provides Setter/getter methods for 
many properties Such as fonts, colors, placements, where 
ticks croSS Axis 114, for example, and many others. Frame 
Layout interface 42 works by making API calls on gp1...graph 
objects as they are being built. Frame Layout interface 42 
gets two chances to make changes to Graph Frame 134: the 
first, before the components of a Graph Frame 134 have 
been built; and the second, afterwards. Graph Frame 134 
comprises its Elements 46 (including Frame Element 136), 
its Legend 112, and its Axes 114. 
0153. Basic Layout 142 is a Frame Layout interface 42 
that provides the methods required for basic control over the 
look and feel of Graph Frames 134. Basic Layout 142 
provides only the default values; the Subclasses modify the 
paneled graphs. 
0154 Concrete Frame Layouts can modify sizes, spac 
ing, and visibility to achieve a particular look. AS shown in 
FIG. 11, four concrete layouts are provided: Row Plot 
Layout 144, Trellis Layout 146, Pie Chart Layout 148, and 
Default Layout 150. Each of these is a Frame Layout 
interface 42 and is Summarized below: 

O155 Row Plot Layout 144 produces a graph with a 
“Row Plot look and feel. Some characteristics of this 
look and feel include: 

0156 a) gray background with white gridlines, 
0157 b) white space between panels, and 
0158 c) alternating X-axis positions between pan 

els. 

0159 Trellis Layout 146 is based on the “trellis' 
displays from W. S. Cleveland's Visualizing Data, and 
produces a graph with a “Trellis' look and feel. Some 
characteristics of this look and feel include: 

0160 
0161 b) strip labels on each child frame, 
0162 
0163 d) alternating X-axis positions between pan 

els: alternate between bottom of entire graph and top 
of entire graph. 

0164. Default Layout 150 is similar to Row Plot Lay 
out 144, but it does not attempt to repress any axes 
labels in paneled graphs. Default Layout 150 is used 
when Graph Frame 134 specifies no layout. 

0165 Pie Chart Layout 148 can be used to extend the 
Default Layout 150. 

a) white background and light gray gridlines, 

c) white space between panels, and 
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0166 As described above, Graph Frame 134 is a picture 
of a Frame Model 94. Graph Frame 134 draws a background 
box, gridlines, a top title, and a bottom title (footnote), and 
includes Axes 114, a Legend 112, and Zero or more Elements 
46. 

0167 Graph Frame 134 uses the dimensions created in 
Tree 98 of Frame Model 94 to create Axes 114. The number 
of Axes 114 created is based on the particular Coordinate 
System 138 that is installed for Graph Frame 134. Trans 
formation 36 (shown in FIG. 1) must supply Graph Frame 
134 with a Coordinate System 138 that is appropriate for the 
specific Transformation 36. The default Coordinate System 
138 is Coordinate System 2D 140. Axes 114 are scaled using 
the POSITION dimensions obtained from Tree 98. Any 
number of Element 46 objects use the Axes 114 inside the 
frame to draw themselves. Element 46 objects may add 
non-positional dimensions to Graph Frame 134, which 
causes it to draw a Legend 112. Only one Legend 112 is 
drawn per Graph Frame 134. 
0168 Graph Frame 134 also has a background panel 
called a “bounding box.” Aesthetics 38 of the bounding box 
is the “default Aesthetics” of a Graph Frame 134. 
01.69 Graph Frame 134 also has both gridlines and two 
sets of titles for labeling. The gridlines have their own 
Aesthetics object 38 that can be used to change the appear 
ance of the gridlines. One "title' appears at the top of Graph 
Frame 134, and the second “bottom title” appears at the 
bottom (like a footnote). The top title can be a String 44 
(from FIG. 2) or an array of Text 166, or it can be set to 
Legend 112 for dragging and dropping different Element 46 
objects between frames. 
0170 Within Graph Frame 134, Elements 46 draw a 
representation of the data. All Elements 46 operate indepen 
dently of each other, and many different Elements 46 can be 
added to Graph Frame 134. Each Element 46 has its own 
Element Specification 96 (from FIG. 5) that is added to 
Frame Model 94. After Data View interface 14 processes 
Frame Model 94, Item Frame interface 18 (shown in FIG. 
1) will contain the data for Elements 46-i.e., the geometry 
needed for drawing the elements. For example, Item Frame 
interface 18 for a bar chart based on means will contain only 
the means to be drawn. Item Frame interface 18 for a scatter 
plot will contain all the raw values for the scatter plot. Item 
Frame interface 18 for a smoother plot will contain all the 
X-y pairs for the Smoother. 
0171 Depending on how Tree 98 is structured, Graph 
Frame 134 may create a Frame Element 136 for paneling. If 
the structure of Tree 98 requires more POSITION dimen 
sions than Graph Frame 134 can handle, Graph Frame 134 
will use a Frame Element 136 and pass it to Tree 98. Frame 
Element 136 will then examine Tree 98 to create and place 
appropriate “child' Graph Frames inside of the original 
Graph Frame 134. Each “child' Graph Frame will be given 
its own Tree 98, and the process may repeat. Elements 46 
that are added to the parent Graph Frame 134 are “divided” 
like a biological cell-i.e., Element 46 divides into and 
contains n clones of itself-and each clone is placed into a 
Graph Frame 134. 

0172. The Glyph interface 32 (shown in FIG. 1) can 
cause a Transformation 36 to become “set' or “registered” 
with a Graph Frame 134. When registered with a Graph 
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Frame 134, Transformation 36 affects the shape of the frame, 
the gridline, the axes 114 and the Elements 46. For example, 
a Polar Transformation, when registered on Graph Frame 
134, would cause the graph to be round but would not affect 
the title or the Legend 112. A Similarity Transformation, 
when registered with the Graph Frame 134, would size or 
move the entire graph on the Screen. 
0173 Anything that is drawn must implement the Glyph 
interface 32 (from FIG. 1). Glyphs draw or build themselves 
by creating Primitive Graph interface 34 objects within an 
instance of Renderer interface 152. Glyph interface 32 can 
then change the image by manipulating these objects. Calls 
to rebuild() cause these objects to be deleted and recon 
Structed, whereas calls to Renderer.refresh( ) update the 
Screen image, reflecting any changes made by Glyph 32 to 
Primitive Graph interface 34 objects. 
0.174 Individual Glyphs 32 are responsible for docu 
menting when a rebuild() is required. Although Glyphs 32 
can be set to any layer of Renderer interface 152 (layering 
determines drawing order), they can trace back their parent, 
or origin. For example, the parent of a Legend 112 would be 
a Graph Frame 134. 
0175. By default, Graph Frame 134 will take up the entire 
Space in a Renderer interface 152. Thus, if no Scaling 
Transformation 36 is registered with Graph Frame 134, the 
Graph Frame 134 will fill the entire window so that the Axes 
114, Legends 112 and titles would not be visible. For that 
reason, a Scaling Transformation 36-Such as Affine Trans 
formation 2D-that scales the Graph Frame 134 by some 
thing less than 1.0 should be registered with Graph Frame 
134. 

0176 Graph Frame 134 is also a Mouse Listener. When 
Graph Frame 134 hears a Pointer Event 184 (shown in FIG. 
12) from a Renderer interface 152 and discovers that the hit 
Primitive Graph interface 34 was part of any of the back 
ground, gridlines, or titles of Graph Frame 134, Graph 
Frame 134 will fire a Glyph Hit Event 194 to interested 
listeners, informing them that a frame has been hit. 
0177 FIG. 12 is an object diagram of the displayer of the 
present invention. Renderer interface 152 is designed to be 
independent of the System's drawing tools. In the preferred 
embodiment, implementations of Renderer interface 152 
will work with standard JDK 1.1 graphics, Java2D and 
Java3D. This independence is achieved by providing primi 
tive graph drawing objects as interfaces, these include, for 
example, Polygon 154, Lines 156, Symbol Line 158, Line 
160, Image 162, Rectangle 164, Text 166 of which Text 
Description 168 is a part, Symbol 170, Circle 172, Hexagon 
174, Ellipse 175 (not shown), Slice 177 (not shown), Sym 
bol line 179 (not shown), and Equilateral Triangle 176. 
Primitives are the basic drawing shapes in the GPL. Each 
concrete Renderer interface 152 must provide a Factory 
Method called createPrimitive() to instantiate a concrete 
primitive graph object (the object should come from an inner 
class). Renderer interface 152 lays a square Renderer.MIN 
to Renderer.MAX coordinate system on top of the system's 
drawing window. Values increase from left to right and from 
bottom to top. All coordinates for drawing will be on this 
Scale. Renderer interface 152 also keeps track of the layer 
ing, which determines the drawing order. For instance, 
objects in layer two should appear “on top of objects in 
layer one. 
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0.178 All drawing primitive graph interfaces extend from 
Primitive Graph interface 34 which contains method signa 
tures for getting/setting the object's Aesthetics 38 (an object 
that describes the primitive's colors, Styles, visibility and So 
on), layering, and handling transformations. Primitive Graph 
interface 34 extends the ASSociated Data interface 56 so that 
meta-data can be encoded into any drawing object. Primitive 
Support abstract class 178 is an implementation of Primitive 
Graph interface 34 that handles most of the required meth 
ods, but leaves Renderer-dependent methods as abstract. 
Also provided is a Primitives abstract class 180 which is a 
collection of Primitive Graph interfaces 34 that can be 
manipulated as one interface. 

0179 Primitive Graph interfaces 34 are the basic drawing 
shapes in the present invention. All drawing primitives 
should implement this interface. Primitive Graph interfaces 
34 are required to maintain and/or provide: (a) their Aes 
thetics 38 object, (b) the layer in which Renderer interface 
152 should draw them whether or not the Primitive Graph 
interfaces 34 are transformable, and (c) a constant as defined 
in the Primitive Graph interface 34 that describes their type. 
All Primitive Graph interfaces 34 are also Transformation 
Listener interfaces 182 and should know how to transform 
themselves when a Transformation 36 object instructs them 
to do So. 

0180 Primitive Support 178 provides a generic imple 
mentation of Primitive Graph Interface 34. Primitive Sup 
port 178 may be subclassed or used directly; it provides 
support for maintaining Aesthetics 38, whether or not Primi 
tive Graph Interface 34 is transformable. Primitive Support 
178 also provides support for transforming a basic primitive 
by telling the source transformation to transform “this” 
primitive. 

0181 Primitives abstract class 180 is a collection of 
Primitives all of which are treated as one Primitive Graph 
interface 34. For example, if a Circle interface 172 and 
Rectangle interface 164 are added to a Primitives abstract 
class 180, the Aesthetics 38 for both interfaces can be 
changed with one call to the Primitives.setAesthetics( ) 
method. The same idea applies to layerS and Transforma 
tions 36. The primitives contained within this Primitives 
abstract class 180 can be clipped via setClip(). 
0182. Whenever a Mouse Event 186 happens, Renderer 
interface 152 creates a Pointer Event 184 from the Mouse 
Event 186 and fires it to Mouse Listeners and Mouse Motion 
Listeners. If a Primitive Graph interface 34 were "hit', 
Pointer Event 184 would contain a reference to the Primitive 
Graph interface 34 that was hit. The difference between a 
Pointer Event 184 and a Mouse Event 186 is that the Pointer 
Event 184 contains a Coordinate object (not shown) that 
defines the event's location in terms of Renderer. MIN and 
Renderer.MAX. Pointer Event 184 can also contain a Primi 
tive Graph interface 34 object, if one were hit. 
0183 Included in the displayer is one software compo 
nent, Java Canvas Renderer 188. The Java Canvas Renderer 
188 is an implementation of Renderer interface 152 using 
Standard JDK 1.1 java.awt. Graphics on a java.awt. Canvas 
object. 

0184 Transformations 36, also shown in FIG. 12, use 
their respective mathematics to transform coordinates into 
other coordinates and directly modify—i.e., transform 
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Primitives abstract class 180. One class of Transformations 
36 is Transform 2D 192. Primitive Graph interface 34 
extends Transformation Listener interface 182, so all primi 
tive objects are able to listen to transformation objects. Upon 
receiving a Transformation Event 190 via the transform() 
method, Primitives abstract class 180 gets the source of the 
event which is the Transformation 36 object that fired the 
event-and uses it to transform itself. The Primitive Support 
abstract class 178 handles an implementation of this, and the 
client controls whether or not a Primitives abstract class 180 
is “transformed.' All Primitives abstract classes 180 can 
setTranformable() to true or false. A Primitives abstract 180 
object marked “transformable” may have an entirely differ 
ent appearance after a Transformation 36, whereas Primitive 
objects that are not transformable may have only their 
position changed. For instance, a Rectangle interface 164 
that is not transformable would have its center coordinate 
transformed but would remain a rectangle. By contrast, a 
Rectangle interface 164 that is transformable may end up not 
looking like a rectangle. 
0185. Transformations 36 also provide empty Coordinate 
objects that correspond to the coordinate System of the 
actual Transformation 36 which has the correct number of 
dimensions. For example, a Polar Transformation provides 
Coordinates that can handle two values (r and theta), while 
a Spherical Transformation provides Coordinates with three 
values(r, phi, and theta). Math class-a class consisting of 
Static final methods that do math on an array of doubles 
using functions Such as cosine, log, Sin, and Square root. 
0186 Transformations 36 work by firing Transformation 
Events 190 to interested Primitives abstract class 180. The 
listeners then take action to get the Transformation 36 that 
is the Source of the event to operate on them. AS used here, 
the event model accommodates Transformations 36 that may 
rely on mouse movements (such as Fish Eye Transforma 
tion) or Some UI tool that causes changes in Transformation 
36 to happen. 
0187 FIG. 13 is an object diagram depicting the soft 
ware interactions that occur when the user Selects an item. 
User actions are handled via different events, including any 
of the following: Mouse Event 186, Pointer Event 184, 
Glyph Hit Event 194, or any of the subclasses of Glyph Hit 
Event 194–i.e., Legend Hit Event 130, Frame Hit Event 
196, or Element Hit Event 198. 
0188 At a lower level, concrete Renderer interface 152 
(shown in FIG. 12) speaks the System's language of ren 
dering and detecting hits. It determines which geometric 
object-e.g., Circle 172 and Rectangle 164 (both from FIG. 
12) was “hit” and, in response, fires a Pointer Event 184, 
a subclass of Mouse Event 186. Element 46 (from FIG. 2), 
Graph Frame 134 (from FIG. 11), Axis 114 (from FIG. 10), 
and Legend 112 (from FIG. 10) all listen for Pointer Event 
184 to determine if their geometric shape was hit. If their 
respective geometric shape was hit, they fire an instance of 
Glyph Hit Event 194 that contains the graphics object-or 
Glyph interface 32 (such as Point, Legend 112 and the like) 
that was hit. Controllers (see FIGS. 14 and 15) or any other 
listeners listen for Glyph Hit Events 194 and take whatever 
action the particular Controller was designed to do by 
operating directly on Graph Frame 134. Pointer Event 184 
may also fire an instance of Primitive Graph interface 34. 
0189 FIG. 4 shows the program server. This figure 
applies where the inventive method and System are utilized 
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over a typical client-server network. The Data View Server 
interface 86, shown in FIG. 4, distributes the data access/ 
manipulation for creating graphs. The Data View interface 
14 extends java.rmi.Remote, so all Data View Objects can 
be distributed. There is one concrete Data View interface 14 
on the Data View Server interface 86 for every client 
connected to the server. The Data View Server interface 86 
manages the individual, remote Data View interfaces 14 by 
activating/passivating them and Sharing information that is 
the same between Data View Interfaces 14. The client's 
program must use a Remote Data View 88 object as its Data 
View Interface 14. 

0190. Remote Data View 88 performs all the necessary 
communication with the Data View Server interface 86, and 
Remote Data View 88 is also a Data Pass Listener 62 (from 
FIG. 3) to receive call-back notifications when the data pass 
on the remote object is complete. The communication hap 
pens as follows: 

0191) A client calls dataview.beginDataPass() on the 
client-side Remote Data View 88. 

0192 Remote Data View 88 asks for a handle to its 
Data View interface 14 from the server. 

0193 The server wakes up the correct Data View 
interface 14 and returns a handle to it. 

0194 Remote Data View 88 registers itself with this 
Data View interface 14 as a Data Pass Listener interface 
62 if not already registered. 

0195 Remote Data View 88 calls dataview.beginData 
Pass() on the server-side Data View interface 14. 

0196) The server-side Data View interface 14 calls 
aboutToDataPass(). 

0197) This is received by Remote Data View 88 and 
forwarded to its listeners on the client-side. 

0198 Any calls from Remote Data View 88 client-side 
Data Pass Listener interface 62 are forwarded to the 
server-side Data View interface 14. 

0199 The data pass happens (on the server-side). 
0200. The server-side Data View interface 14 calls 
finishedDataPass( ). 

0201 This is received by Remote Data View 88 on the 
client-side and forwarded to listeners. 

0202) If a set amount of milliseconds goes by without 
interruption, Remote Data View 88 asks Data View 
Server interface 86 to passify the server-side Data View 
interface 14. 

0203) Abstract Data View Server 90 provides an imple 
mentation of Data View Server interface 86 but leaves the 
actual writing and reading for activation/passivation to Sub 
classes. File Based Data View Server 92 reads and writes to 
files on disk. 

0204 FIG. 14 depicts Controller interface 40 and the 
various controllers that work through Controller interface 
40. The implementing interfaces of Controller interface 40 
are the Meta-Data Display Controller 200, Category Order 
Controller 202, Comparison Ruler Controller 204, Element 
Move Controller 206, Element Filter Controller 208 (which 
is an abstract class), and Pan and Zoom 2D Controller 210. 
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0205 Meta-Data Display Controller 200 displays meta 
data obtained from an Element 46 (from FIG. 2), a Legend 
label, or a Legend tick label. 
0206 Category Order Controller 202 controls the order in 
which categories are displayed. Comparison Ruler Control 
ler 204 uses meta-data to warn end users of invalid com 
parisons in a Graph 10. Element Move Controller 206 moves 
Elements 46 between frames in a paneled Graph 10. Abstract 
class Element Filter Controller 208 controls whether or not 
individual cases (rows) are included in a Graph 10. Cases 
not included in a graph are not visible and not involved in 
any functions that an Element 46 may use. 
0207 Five different types of filters are available: Range 
Slider Filter Controller 212, Range Slider 2D Filter Con 
troller 214, Slider Filter Controller 216, Picker Filter Con 
troller 218, and Text Search Filter Controller 220. Any of 
these five filters can be inserted into the Element Filter 
Controller Group 222, which acts as a single filter. 
0208 Slider Filter Controller 216 filters a single point of 
Data 12 and shows only the selected data point. Picker Filter 
Controller 218 works only with entire categories of Variable 
Set 22. Selecting/de-Selecting a categorical variable through 
Picker Filter Controller 218 causes the entire category to be 
filtered or not filtered. Range Slider Filter Controller 212 
filters a range of data and only the data within the Selected 
range are shown; inversely, all data not in the Selected range 
may be shown. Range Slider 2D Filter Controller 214 filters 
a range of data in two dimensions simultaneously. 
0209 Pan and Zoom 2D Controller 210 is a graph 
navigation tool. It allows a user to “pan' or "Zoom’ in a 
graph. Pan and Zoom 2D Controller 210 and Element Filter 
Controller 208 are Subclasses of Panel 224. 

0210 FIG. 15 shows the relationship between the Con 
troller interface 40 and the builder controllers. Builder 
controllers are modules used to construct a UI for creating 
graphs. The builder controllers are implementing interfaces 
of the Controller interface 40 and include the Graph Pivot 
Controller 226, Legend Attribute Controller 228, Axis Func 
tion Controller 230, Frame Layout Controller 232, Element 
Tool Bar Controller 234, Element Property Controller 236, 
and Variable List Controller 238. The last four of these-i.e., 
Frame Layout Controller 232, Element Tool Bar Controller 
234, Element Property Controller 236, and Variable List 
Controller 238-are Subclasses of JPanel 240. 

0211 Graph Pivot Controller 226 provides pivot capa 
bilities for graphs. Axes 114 (from FIG. 10) can be pivoted 
with one another by dragging a Variable Set 22 (from FIG. 
1) from one Axis 114 to another. Legend Attribute Controller 
228 provides direct control over mapping attributes to data. 
0212 Axis Function Controller 230 provides control over 
the function used on a particular Axis 114. The functions are 
obtained via reflection from the gpl.dataview. Functions can 
be added or removed from the pop-up list via the setFunc 
tions indexed property. Axis Function Controller 230 listens 
to Graph 10 (from FIG. 1) or Graph Frame 134 (from FIG. 
11) for Legend Hit Events 130 (from FIG. 10). Axis 
Function Controller 230 simply changes the Frame Layout 
interface 42 (from FIG. 2) object to a specified layout. 
0213 Frame Layout Controller 232 provides control over 
the Graph Frame 134 or the Graph 10 layout. Frame Layout 
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Controller 232 listens to actual Graph 10 or Graph Frames 
134 for Property Change events. 

0214) Element Tool Bar Controller 234 provides control 
over Elements 46 that are included in Graph 10 or Graph 
Frame 134. Elements 46 can be removed from the graph by 
clicking on the Element 46 and dragging it back to an 
Element Tool Bar. Different Elements 46 can be added and 
removed from the Element Tool Bar via the Elements 
indexed property. Element Tool Bar Controller 234 listens to 
Graphs 10 and Graph Frames 134 for property Change 
events (not shown), Frame Hit Events 196 (from FIG. 13), 
and to actual Graphs 10 or Elements 46 for Element Hit 
Events 198 (from FIG. 13). 
0215) Element Property Controller 236 provides control 
over the properties of a particular Element 46. The editable 
properties of Element 46 are displayed in a table and can be 
modified by the user. Element Property Controller 236 
listens for data Change events from Data View interface 14, 
Element Hit Events 198 from Graphs 10 or Elements 46, and 
property Change events from Graphs 10 or Graph Frames 
134. 

0216). Variable List Controller 238 provides control over 
which variables 22 are displayed in a graph. Variables 22 can 
be removed from a graph. Variable List Controller 238 
listens to data Change events from Data View interface 14, 
and legend Label Released, legend Released, and property 
Change events (not shown) from Graph Frame 134 or Graph 
10. 

0217 FIG. 16 is an object diagram of the Elements 
Package of the present invention. The Elements Package 
contains the actual elements (Subclasses of Element 46) for 
drawing Graph 10. 

0218. There are two major classes of Elements 46: Single 
Domain Elements 242 and Connected Domain Elements 
244. The difference between them is how the data are fed to 
subclasses Interval 246 and Point 248 of Single Domain 
Element 242 and Subclasses Area 250 and Line 252 of 
Connected Domain Element 244. Single Domain Elements 
242 draw a single picture for each value in each domain, and 
they are fed only the data for the domain that is being drawn. 
By contrast, Connected Domain Elements 244 draw 
between values over the entire domain, So they are fed all the 
data for a particular domain. Of Connected Domain Ele 
ments 244, Subclass Area 250 fills an area for the results of 
a function connected across the domain; Subclass Line 252 
draws a line for the results of a function connected acroSS the 
domain. Of Single Domain Element 242, subclass Interval 
246 draws a shape between two or more coordinates, the 
shape of the Interval depending on the value of the Aesthet 
ics shape parameter defined by the constraints in Point; Point 
248 draws a Single point for each coordinate, the Shape of the 
point depending on the value of the Aesthetics shape param 
eters which are defined by constraints comprising character, 
dot, h-dash, hexagon, image, plus, rectangle, Spread, tri 
angle, and V-dash. 

0219 Annotation Elements 254 are also provided. Anno 
tation Elements 254 are for reference and are not based on 
data from Data View interface 14. They can all be placed in 
a Graph Frame 134 (from FIG. 11) using data coordinates 
or coordinates (-1 to 1) from Renderer interface 152 (shown 
in FIG. 12). The subclasses of Annotation Element 254 are 
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Reference Line 256, Reference Image 258, Reference Text 
260 and Reference Area 262, all of which are used to 
annotate a Graph 10. 
0220) The final subclass of Element 46 is Tile 264. 
0221) Another embodiment of the invention is a method 
for creating quantitative aesthetic graphics from data as 
shown in FIG. 19. This embodiment utilizes the Software 
components of the inventive System, as described above. 
The method comprises providing a list of variables. The 
Data View interface 14 provides such a list. Data 12, after 
being indexed, are converted first to Variable Data Structures 
and then to Variable Sets 22 by application of Algebra 24 
involving the use of at least one function of nest, blend, and 
croSS, as described above. 
0222. The variables are as previously described and may 
be continuous, or alternatively categorical. When the vari 
ables are categorical, the numeric Scale is an integer ranging 
from Zero to a value that is one less than the number of 
categories. When the variables are continuous, the numeric 
Scale runs from the minimum value for the data to the 
maximum value. Data View interface 14 processes Specifi 
cations contained in the Frame Model 94 that must be 
performed to draw the Elements 46 in a graph. Included 
among the specifications are Scaling Specification 48 (from 
FIG. 2), Element Specification 96 (from FIG. 5), Variable 
Transformation Specification 52 (from FIG. 2), and Coor 
dinate Specification 50 (from FIG. 2), discussed above. 
0223) The next step is providing a list of representations 
for points. Such representations may comprise any of the 
attributes, described above, defined by the type of Graph 
Dimension 100, as discussed above. For example, the rep 
resentations may include those Such as position, size, shape, 
color, hue, brightness, Saturation, rotation, blur, transpar 
ency, texture, pattern, orientation, or granularity, for 
example. AS described above and in accordance with the 
invention, Glyph 32 uses a graphing function to produce a 
Primitive Graph 34 from the variables and relates the 
variables to dimensions of a geometric space in which the 
graph will be imbedded. 
0224. Another step of the inventive method is providing 
a list of coordinate points, based upon a coordinate System, 
as previously described. Any Suitable coordinate System 
may be used, including, for example, Cartesian, rectangular, 
polar, Spherical, or other System. The particular Coordinate 
System 138 that is installed for Graph Frame 134 determines 
the number of Axes 114 created. 

0225. The method also comprises providing a list of 
aesthetic representations. The Aesthetics class 38 holds all 
aesthetic attributes for drawing a Primitive Graph 34. These 
attributes may be visual or, alternatively, non-visual, Such as 
Sound, for example. 

0226. Additional steps of the inventive method include 
Selecting at least one variable from the list of variables, 
Selecting at least one representation for points from the list 
of representation for points, Selecting at least one coordinate 
System from the list of coordinate Systems, and Selecting at 
least one aesthetic representation from the list of aesthetic 
representations. 

0227. After the above selections have been made, the 
next steps to the inventive method involve moving the at 
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least one variable to a predetermined location and displaying 
a visible graphic that reflects the at least one variable, the at 
least one representation for points, the at least one coordi 
nate System, and the at least one aesthetic representation. 
Graph Frame 134 draws a background box, gridlines, a top 
title, bottom title and include Axes 114, a Legend 112, and 
Elements 46. Item Frame interface 18 contains the geometry 
needed for drawing the elements. Transformation 36 locates 
a point in Space, given its coordinate System. Using their 
respective mathematics, Transformation 36 transforms coor 
dinates into other coordinates and directly modify—i.e., 
transform-Primitives abstract class 180, as described 
above. In so doing, Transformation 36 transforms Primitive 
Graph 34 and represents it in the Selected coordinate System. 
Transformations 36 are limited to transformations that main 
tain the functional relationship between the domain and the 
range of a particular Primitive Graph 34. Preferably, the 
Transformation 36 is registered with the Graph Frame 134. 
Renderer interface 152 (from FIG.12) applies Aesthetics 38 
when the primitive graph is drawn. Primitive Graph drawing 
objects are provided; shown in FIG. 12, these include, for 
example, Polygon 154, Lines 156, Symbol Line 158, Line 
160, Image 162, Rectangle 164, Text 166 of which Text 
Description 168 is a part, Symbol 170, Circle 172, Hexagon 
174, Ellipse 175 (not shown), Slice 177 (not shown), Sym 
bol line 179 (not shown), and other Primitives 181 (not 
shown). In the graphical representation, the set of points 
may be represented by an interval, point, area, or line, for 
example. 

0228. In yet another embodiment in accordance with the 
invention, a data processing System is provided for con 
Structing graphs mathematically from data and aesthetically 
representing the graphs as graphics. The System comprises a 
computer processor and a memory coupled to the computer 
processing. The memory contains a set of computer instruc 
tions for: 

0229 (a) indexing Data 12 to form a Data Set 16; 
0230 (b) converting the data set into a Variable Data 
Structure, defined as follows: 

Varset X1, ..., Xn = {Ilm. X1, ..., Xn, f, where 
X1, ..., X represents in sets and is a finite set or a 

set of real numbers or tagged real numbers, 
l is an index set {1, 2, ..., m}, 
m ranges over all the natural numbers N, 

f: il - X x Xx ...X., and f ranges over all 
such possible functions; 

0231 (c) converting the Variable Data Structure into a 
Variable Set 22 of the form V=varset X, using at least 
one of a blend function, a croSS function, and a nest 
function; 

0232 (d) mapping the Variable Set 22 into a set of 
mathematical points, and 

0233 (e) mapping the set of mathematical points into 
an aesthetic representation. 

0234. The memory may also contain instructions for 
implementing the various functions and interfaces described 
above. 
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0235 Another embodiment in accordance with the inven 
tion is a non-volatile Storage medium containing computer 
Software encoded in a machine readable format for creating 
quantitative graphics. The non-volatile Storage medium 
includes: a set of computer instructions for indexing data to 
form a data Set, a Set of computer instructions for converting 
the data Set into a variable data structure, where the variable 
data Structure has an indeX Set, a range and a function; a Set 
of computer instructions for converting the variable data 
Structure into a variable Set by using at least one function 
Selected from the group consisting of a blend function, a 
croSS function, and a nest function; a Set of computer 
instructions for mapping the variable Set into a set of points; 
and a set of computer instructions for mapping the Set of 
points into an aesthetic representation. Additionally, the 
non-volatile Storage medium may include a set of instruc 
tions relating the variables to dimensions of a geometric 
Space in which the aesthetic representation will be imbed 
ded. 

0236. The features, functions, and events described 
above are similarly incorporated into this embodiment. 
0237 FIG. 17 is an object diagram showing the interre 
lationship among the following Software components, pre 
viously discussed: 

0238 (a) the Data View interface 14 (shown in FIG. 3) 
including Remote Data View 88 (shown in FIG. 4) and 
JDBC Data View 66 (shown in FIG. 3); 

0239 (b) the Item Frame interface 18 (shown in FIG. 
1), including Frame Model 94 (shown in FIG. 5) 
comprising Tree 98 and Graph Dimensions 100 (both 
shown in FIG. 5); 

0240 (c) the Controller interface 40 (shown in FIGS. 
14 and 15); and 

0241 (d) the Frame Layout interface 42, including 
Graph Frame 134, Legend 112, Axes 114, and Glyph 
interface 32 (all of which are shown in FIG. 11). 

0242. The embodiments of the invention described above 
are intended to be illustrative only and should not be 
considered to limit the invention as set forth in the following 
claims. It will be understood that the invention is capable of 
numerous changes, modifications and rearrangements and 
Such changes, modifications and rearrangements are 
intended to be within the scope of the following claims. 
0243 Claim elements and steps herein have been num 
bered and/or lettered Solely as an aid in readability and 
understanding. AS Such, the numbering and/or lettering in 
itself is not intended to and should not be taken to indicate 
the ordering of elements and/or Steps in the claims. 

I claim: 
1. A method for creating with a computer quantitative 

aesthetic graphics from a variable data Structure composed 
of an index Set, a range and a function comprising: 

converting the variable data Structure into a variable Set 
by using at least one of a blend Step, a croSS Step, and 
a nest Step, 

mapping the variable Set into a set of points, and 
mapping the Set of points into an aesthetic representation. 
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2. The method of claim 1 wherein the variable set 
comprises a range of values Selected from the group con 
Sisting of numerical values and non-numerical values. 

3. The method of claim 1 wherein the blend step results 
in a union in the range of the variable data structure. 

4. The method of claim 1 wherein the cross step results a 
cartesian product in the range of the variable data Structure. 

5. The method of claim 1 wherein the nest step results in 
Stratifying the values of the Sets. 

6. The method of claim 1 wherein the step of mapping the 
variable Set into a set of points involves relating the variable 
Set to the dimensions of a graphic Space in which the 
aesthetic representation will be imbedded. 

7. The method of claim 1 wherein the step of mapping the 
Set of points into an aesthetic representation involves map 
ping the Set of points to Strings or real numbers that Serve as 
input to a physical display device. 

8. The method of claim 12 wherein the mapping the set of 
points comprises Selecting a coordinate System from the 
group consisting of cartesian, rectangular, polar, two-dimen 
Sional, three-dimensional, and Spherical Systems. 

9. The method of claim 1 wherein the step of mapping the 
variable Set comprises representing the variable Set by one 
representation Selected from the group consisting of an 
interval, a point, a line, or an area. 

10. The method of claim 1 wherein the step of mapping 
the Set of points comprises mapping the variable Set to at 
least one graph dimension Selected from the group consist 
ing of Visual and non-visual attributes. 

11. The method of claim 16 wherein the visual attribute is 
Selected from the group consisting of position, Size, shape, 
color, hue, brightness, Saturation, motion, rotation, blur, 
transparency, texture, pattern, orientation, or granularity. 

12. A data processing System for constructing graphs 
mathematically from a variable data Structure and aestheti 
cally representing the graphs as graphics comprising: 

a computer processor, and 
a memory responsively coupled to the computer processor 

containing a set of computer instructions for: 
(a) converting a variable data structure comprising an 

indeX Set, a range and a function into a variable Set 
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by using at least one of a blend function, a croSS 
function, and a nest function; 

(b) mapping the variable Set into a set of mathematical 
points, and 

(c) mapping the set of mathematical points into an 
aesthetic representation. 

13. The system of claim 12 wherein in said computer 
instructions, the variable data Structure is a Set comprising 
values Selected from the group consisting of finite numbers 
and real numbers. 

14. A non-volatile Storage medium containing computer 
Software encoded in a machine readable format for creating 
quantitative aesthetic graphics from data comprising: 

a. a set of computer instructions for converting a variable 
data Structure comprising an index Set, a range and a 
function into a variable Set by using at least one of a 
blend Step, a croSS Step and a nest Step; 

b. a set of computer instructions for mapping the variable 
Set into a set of points, and 

c. a set of computer instructions for mapping the Set of 
points into an aesthetic representation. 

15. The system of claim 14 wherein in said computer 
instructions, the variable data Structure has a range Selected 
from the group consisting of numerical and non-numerical 
values. 

16. The system of claim 14 wherein the computer instruc 
tions for mapping the Set of points into an aesthetic repre 
Sentation comprise mapping the points in a predetermined 
coordinate System. 

17. The system of claim 15 wherein the computer instruc 
tions further comprise mapping the Set of points to at least 
one dimension Selected from the group consisting of Visual 
and non-visual attributes. 

18. The system of claim 14 further including a set of 
computer instructions for prompting for which operation to 
perform. 

19. The system of claim 14 wherein said computer 
instructions define a layout for creating the aesthetic graph 
CS. 


